Exposed to Metallic Mercury Vapor Using NTA Complex: Hiromi AIKOH, et al. Department of Chemistry, Faculty of Science, Okayama University of Science-Urinary excretion of mercury was determined in mice exposed to mercury vapor by using t h e i n c o m p l e t e c u b a n e -t y p e s u l f u r -b r i d g e d molybdenum complex [Mo 3 S 4 (Hnta) 3 ]
Metallic mercury is rapidly oxidized to mercuric ion when it is exposed to human blood in vitro 1) . Kudsk 2) reported that a concentration of less than 0.04% (w/v) of ethyl alcohol in blood depressed pulmonary absorption of mercury vapor. Inhibition of mercury uptake in blood by ethyl alcohol suggests that the primary hydrogen peroxide-catalase complex is involved in the oxidation of mercury in erythrocytes because of its high affinity for ethyl alcohol. Magos et al. 3) reported that alcohol affected the oxidation rate of metallic mercury since the amount of mercury vapor exhaled by rats injected with elemental mercury after pretreatment with ethyl alcohol was greater than that exhaled by control rats. Magos et al. 4) also reported that mercury content in the lungs of rats pretreated with aminotriazole decreased after exposure to metallic mercury vapor, and that the mercury content in the liver increased. Both studies showed that alcohol or aminotriazole suppressed the catalase action, which resulted in the inhibition of the accumulation of mercury that was absorbed in vivo.
We have reported that the incomplete cubane-type sulfur-bridged molybdenum complex (referred to as the NTA complex) reacted quickly with mercury, which enabled us to develop a new quantitative method for the determination of mercury with a spectrophotometer [5] [6] [7] . We therefore considered that the NTA complex could be applied for the extra-corporeal excretion of in vivo mercury by mice exposed to metallic mercury vapor.
The present study reports urinary mercury excretion in mice given NTA complex solution immediately after metallic mercury vapor exposure. For comparison, the abilities of L-cysteine solution and water were also examined for the extra-corporeal excretion of the mercury.
Materials and Methods

Materials:
The material used is the incomplete cubanetype sulfur-bridged molybdenum complex 8) (referred to as the NTA complex; Na 2 [Mo 3 S 4 (Hnta) 3 ] · 5H 2 O, molecular weight = 1119.5). The structure is shown in Fig. 1 . The NTA complex (0.1119 g) was dissolved in pure water (100 ml) to give a 1.00 × 10 -3 mol/l solution (green). The NTA complex dissolves completely in water (w/w) at 20°C and the solution is also stabilized. The mercury (II) standard solution (5.01 × 10 -3 mol/l HgCl 2 in 0.02 mol/l HCl) and L-cysteine (C 3 H 7 NO 2 S, molecular weight = 121.16) were procured from Wako Chemical Co., Osaka. The concentration (1.0 × 10 -3 mol/l) of the L-cysteine solution containing the SH-group was adjusted to that of the NTA complex solution. A silicone solution (2%, Shinetsu Chemical Co.) was used as an anti-foaming agent. All reagents used were of analytical reagent grade.
Exposure to metallic mercury vapor
Metallic mercury vapor was generated by adding a stannous chloride solution (10%, 10 ml) as a reducing agent to an aqueous solution of mercuric ions (5.01 × 10 -3 mol/l, 5 ml). Air containing the metallic mercury vapor was circulated by a pump at the rate of 1.5 l/min. Mice placed in the middle of the exposure chamber were exposed to metallic mercury vapor (2.8 mg/m 3 ) for 10 min at room temperature (25°C). After, the metallic mercury vapor in the chamber was exhausted, and the mice were placed into a urine picking cages.
Animals: Twelve female mice (ICR, 8 wk of age, 25-30 g weight) were used for the experiment. The twelve mice were divided into three groups (four in each). After exposue to mercury vapor, these mice were transferred to the urine picking cages. The animals were dosed orally twice a day with one of the following materials. The first group received NTA complex solution (0.5 ml); the second, L-cysteine solution (0.5 ml), and third, water (0.5 ml). A mouse consumes one milliliter of water per day. The mice (12 cage) were kept in a metabolic cage for 24 h urine for 7 d. Urine samples were processed individually before analysis of mercury spectrophotometry 6, 7) .
Sequence of operations for pre-treatment of the urine samples
Pre-treatment before determining the mercury levels in the urine samples was necessary because protein and fat in the samples disturb the absorption measurements. A one-milliliter sample of urine was taken from each mouse and decomposed in a conical beaker with a mixed solution of 6%-potassium permanganate (10 ml) and 9 mol/l-sulfuric acid (5 ml) by allowing it to stand for 12 h at room temperature (25°C). A 10%-hydroxyl ammonium chloride solution (2 ml) was then added to decolorize the potassium permanganate residues. The decolorized sample containing 2% silicone solution (0.4 ml) as an anti-foaming agent was poured into a conical beaker, which was connected to the apparatus for measuring the mercury. The NTA complex (3 ml), dissolved in pure water in a midget-impinger, was connected and flushed with nitrogen gas. The mercury in the sample was reduced to metallic mercury with a stannous chloride solution (10%, 2.5 ml) and captured by the NTA complex. The absorbance of the resultant solution was measured with a spectrophotometer (Model UV-2400 PC, Shimazu) at the maximum absorption wavelength (550 nm) as described previously 6, 7) .
Results and Discussion
Determination of mercury in the urine
Mice that received the NTA complex had the highest mercury content in their urine on the first day, followed by L-cysteine and water, in that order (Table 1 ). But the group that received the NTA complex had a higher level than the group that received L-cysteine or water. The amount of mercury excreted by the group of mice which received the NTA complex was significantly higher than that with L-cysteine or water, seven days later. The present data show marked differences in the amount of mercury between NTA complex, L-cysteine and water. The results suggest that the NTA complex promotes renal 
excretion of mercury in vivo.
When the cumulative amounts of mercury excreted by the groups of mice were compared with each other for seven days, the group that received the NTA complex solution excreted 1.8 times more than the group that received water, and 1.3 times more than the group that received L-cysteine solution. The results are shown in Fig. 2 . From these results, it was confirmed that the NTA complex solution promotes extra-corporeal excretion of mercury.
These results suggest that mercury in vivo was transferred to the kidneys by the NTA complex solution, indicating that mercuric ion was accumulated in the kidneys 9) and discharged in the urine. The result are under investigation. In comparing the mercury levels of groups administered the respective samples, the mercury levels decreased in the following order: NTA complex, Lcysteine and water. In conclusion, the NTA complex solution has the effect of increasing mercury excretion in the living-body as seen when mercury levels are compared with mercury levels in the organs of mice that are given L-cysteine or water.
